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INTRODUCTION 
This program was conducted by the Energy and Materials Sciences 
Laboratory of Georgia Tech•s Engineering Experiment Station on a contract 
with First Associates. The program consisted of testing a drink dispensing 
tower with four different sets of Electronic Portion Control Units (EPC), 
each set manufactured by a different company. 
The objective of the program was to identify performance differences 
between the four types of EPC•s. Timing precision is of paramount interest. 
We were also carefully monitoring voltage and current supplied to the 
solenoid valves on the tower by the EPC•s. 
In this respect, we shall first diagram the operation of the system. 
Next, we shall present a step by step description of the test procedure. 
This will be followed by an executive summary, which discusses the purpose 
of each test and the results of each test. The executive summary also 
contains some overall conclusions. The Appendix contains results in 
somewhat more detail, and also discusses some of the problems encountered. 
N 
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Figure 1. Schematic of Drink Dispenser. 
•, 
TEST PROCEDURE 
1(a) Inspect each EPC for shipping damage. 
(b) Put identifying number on each valve and each EPC. 
(c) Measure resistance and impedance of the 5 pairs of solenoid valves 
( s i n g 1 y and i n p a i r s ) • 
(d) Measure transformer secondary resistance. 
2(a) Apply 24 v-ac from lab power supply to each of 10 solenoid valves 
and measure currents. 
(b) Set resistance of 5 variable resistors so that each resistor has 
the same impedance as that of a pair of solenoids connected in 
parallel. Connect the 24 volt output of each EPC to the 
appropriate resistor. Apply 24 v-ac from lab power supply to the 
EPC under test. 
Turn potentiometer on each EPC clockwise to limit and 
measure time voltage is applied to dummy load. 
ii Turn each potentiometer fully counter-clockwise and 
repeat ( i ) • 
3(a,b) Connect a constant voltage transformer between the 115 v-ac line and 
the tower transformer. Connect each EPC, in order, to tower. 
Connect syrup and C02 to tower. Set potentiometers so that each 
11 Small 11 control activation produces approximately a 7-1/2 second 
voltage output, a 11 rredium 11 produces a 9-3/4 second output and a 
11 large 11 produces a 13 second output. Record times, voltage, and 
drink size. Also, measure line voltage and transformer secondary 
current. 
(c) Connect a variac between the constant voltage transformer and the 
tower transformer. 
3 
Set a-c voltage 10 percent below that measured in (a,b) and 
repeat the measurements made in (a,b). 
i i Set a-c voltage 5 percent below that measured in (a, b) and 
repeat the measurements made in (a,b). 
i ; i Set a-c voltage 5 percent above that measured in (a, b) and 
repeat the measurements made in (a,b). 
iv Set a-c vo 1 t age 10 percent above that measured in (a, b) and 
repeat the measurements made in (a,b). 
(d) Reset line voltage to nominal. Repeat measurements made in (a,b) 
w i t h d r i n k port i on s i z e s ( s m a 1 1 , me d i u m , an d 1 a r g e ) vary i n g o v e r a 
range of ~ 1-1/2 ounces with respect to nominal. Use approximately 
1/2 ounce steps. 
4 Connect EPC's to tower. Turn off syrup, C02 and water. Measure 
transformer output voltage and current, solenoid voltage, and time 
solenoid voltage is applied. Run the number of cycles indicated 
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90 ( 4h-j) 
(k-u) 
Time 
No. Of Between Drink 
Valves Open Openings Openings Size 
(sec) 
1,2 10 10 small 
1,2 10 5 small 
1,2 10 10 ~'TEdium 
1,2 10 5 ~'TEdium 
1,2 10 10 large 
1,2 10 5 large 
1,2,3 10 10 small 
1,2,3 10 5 small 
1,2,3 10 10 Jl'Ed i urn 
1,2,3 10 5 Jl'Edi urn 
1,2,3 10 10 large 
1,2,3 10 5 large 
1,2,3,4 10 10 small 
1,2,3,4 10 5 small 
1,2,3,4 10 10 ~'TEdium 
1,2,3,4 10 5 Jl'Edi urn 
1,2,3,4 10 10 large 
1,2,3,4 10 5 large 
1,2,3,4,5 10 10 small 
1,2,3,4,5 10 5 small 
1,2,3,4,5 10 10 ~Tedi urn 
1,2,3,4,5 10 5 ~'TEdium 
1,2,3,4,5 10 10 large 
1,2,3,4,5 10 5 large 
1,2 10 2 small 
1,2 10 1 small 
1,2 30 1/2 small 
1,2 10 2 rred i urn 
1,2 10 1 rred i urn 
1,2 30 1/2 Jl'Edi urn 
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Time 
No. of Between Drink 
Valves Open Openings Openings Size ---(sec) 
1,2 10 2 large 
1,2 10 1 large 
1,2 30 1/2 large 
1,2,3 10 2 small 
1,2,3 10 1 small 
1,2,3 30 1/2 small 
1,2,3 10 2 rredium 
1,2,3 10 1 rredi urn 
1,2,3 30 1/2 rredium 
1,2,3 10 2 large 
1,2,3 10 1 large 
1,2,3 30 1/2 large 
1,2,3,4 10 2 sma 11 
1,2,3,4 10 1 small 
1,2,3,4 30 1/2 small 
1,2,3,4 10 2 rredium 
1,2,3,4 10 1 rredi urn 
1,2,3,4 30 1/2 rredi urn 
1,2,3,4 10 2 large 
1,2,3,4 10 1 large 
1,2,3,4 30 1/2 large 
1,2,3,4,5 10 2 small 
1,2,3,4,5 10 1 small 
1,2,3,4,5 30 1/2 small 
1,2,3,4,5 10 2 rrediurn 
1,2,3,4,5 10 1 rredi urn 
1,2,3,4,5 30 1/2 rred i urn 
1,2,3,4,5 10 2 large 
1,2,3,4,5 10 1 large 




1(a) Purpose: To be certain all equipment is working properly at 
beginning of experiment. 
Result: No shipping damage. One Tektrol EPC did not function 
when initially tested. 
1(b) Purpose: To keep track of individual units during test. 
Result: Done. 
1(c) Purpose: To ascertain solenoid uniformity and to determine 
value to set dummy resistors. 
Result: Individual resistances ranged from 17.5 to 18.2 ohms. 
Individual impedances ranged from 50.4 ohms to 54.9 ohms. Pair 
impedances ranged from 25.7 to 26.7 ohms. 
1(d) Purpose: To be able to determine transformer voltage drop and 
power loss. 
Result: Secondary resistance is 1.1 ohms. 
2(a) Purpose: To determine nominal current drawn by each valve 
solenoid. 
2(b) 
Result: Individual solenoid currents ranged from 437 rnA to 
476 rnA. 
Purpose: To determine ranges on time settings. 
Result: All units have more than adequate range. Selmix has 
such a large range that adjustment tends to be more coarse. 
2(c,d) Purpose: To determine effect of operating multiple EPc•s and 
solenoid valves simultaneously. 
Result: No problems per se were encountered with EPC•s. The 
transformer which was supplied with the tower had an insuf-
8 
ficient volt-ampere rating to oper·ate more than 2 valves 
simultaneously. Operation of 3 or more valves overheated the 
transformer and delivered insufficient power to EPC's to operate 
valves reliably. A larger transformer was substituted during 
this test and used for subsequent tests. 
3(a,b) Purpose: To set drink sizes (9, 12 and 16 oz) and determine 
voltage and time for each setting. 
Result: Time settings of approximately 7.5, 9.75, and 13 
seconds produced approximately 9, 12 and 16 ounce drinks (except 
sizes were different on the valve delivering Coca Cola syrup and 
plain water) solenoid voltages were all very nearly 24 volts. 
McCann and Tektrol output voltages were approximately 0.1 volt 
higher than Multiplex and Selmix. 
3(c) Purpose: To determine effect of line voltage on valve open 
times. 
Result: No timing errors were observed. Some of the solenoid 
valves operated erratically at line voltage 5 and 10 percent 
below nominal. This effect was more dependent on which solenoid 
pair was being operated than on which EPC was being used. 
However, we did observe more malfunctions with Multiplex and 
Selmix, an intermediate number with Tektrol, and fewer with 
McCann. Except for one isolated solenoid valve malfunction at 
10 percent overvoltage when the Multiplex EPC was being tested, 
we encountered no problems with elevated line voltage. 
3(d) Purpose: To establish drink size-time relationship. 
Result: Drink size is a linear function of valve open time, 
with very little spread when carbonated water is mixed with 
9 
syrup. There is considerable variation when tap water is used, 
as was the case for valve #2. The relationship between drink 
size and time is independent of the type of EPC being used. 
4(a-d) Purpose: To determine inherent repeatability of times voltage 
is applied to solenoids. 
Result: With 10 seconds elapsed time between cycles, most of 
the valve open times repeated whithin 20 milliseconds for all 
types and drink sizes. All McCann times were within 30 milli-
seconds. All Multiplex times were within 75 milliseconds, 
except M3 which had one time ~0.2 seconds too long. Selmix 
variation was less than 160 milliseconds, with the exception of 
L2, which jumped between 5.486 ~ 0.002 seconds and 13.123 + 
0.002 seconds. All Tektrol variations were less than 90 
milliseconds, except L2, which had 2 times approximately 0.35 
seconds short. 
4(e) Purpose: To determine effect of higher duty cycle operation on 
timing. 
Result: 5 second off time between cycles produces no 
deleterious effects. McCann, Selmix, and Tektrol repeatability 
was not diminished at all. Multiplex had slightly higher time 
spread, but still shows more than adequate timing precision. 
4(f) Purpose: To determine effect of still higher duty cycle 
operation on timing. 
Result: Time between cycles is 2 seconds. Multiplex and Selmix 
precision is unchanged from the previous test. McCann and 
Tektrol may show a slight loss in precision; however, all still 
have more than adequate precision. Selmix #2 large shut off 
twice at 9.916 seconds instead of 13.1, however. 
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4(g) Purpose: To determine effect of still higher duty cycle on 
timing precision. 
Result: Time between cycles is one second. No significant loss 
of precision on any of the EPC's was observed, as compared to 
the previous test. 
4(h-j) Purpose: To determine the effect of almost continuous long 
term operation on timing precision. 
Result: Each valve is operated 90 consecutive times for each 
drink size. Off time is 1/2 second. Data for these tests is 
very difficult to interpret, as we shall explain later. The 
following conclusions are based on what could be determined on 
the basis of the data we have and the results of multiple valve 
opening tests to be described later. If the final decision on 
which EPC unit to use rests on this series of tests, more effort 
will be required to double-check and analyze the data. 
On 10-20 occasions, McCann EPC's failed to turn off the 
solenoid voltage on time. This was mostly true of large 
drink operations and generally happened after 30 cycles. 
ii Multiplex EPC's failed to turn off far less frequently 
than McCann, by a factor of 2 or 3. Only one of these 
was absolutely definite. 
iii Selmix EPC's failed to turn off on two occasions - both 
with large drinks and after 50 cycles. One of these had 
two very short times after 56 cycles, but performed well 
until its failure to cut off on the last cycle. Jumps 
in timing of approximately 2 seconds were observed on 2S 
after 10 cycles. 
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iv No failure to turn off were observed on Tektrol EPC's. 
This is not a fair comparison, since very little Tektrol 
data can be retrieved at this time. All but one of the 
accumulated run times indicated one or more unnaturally 
long times. 
v Generally, times were less precise under these 
conditions, but except for the problems noted, would not 
seriously impact the cost or overall quality of 
operation. 
4(k-u) Purpose: To determine effects on timing precision when 2, 3, 
4, and 5 units are operated simultaneously with 
off-times varying from 1/2 second to 10 seconds. 
Result: In general, no differences were noted when 
comparison was made to the single valve data. There 
were a few minor exceptions. 
McCann EPC's had 3 or 4 erroneous times of 0.5 
to 1 second. 
ii Multiplex 4 time dropped 0.6 seconds between 
1 second off runs and 1/2 second off. 
iii The jump between times on SELMIX 2 switched 
permanently to the shorter time. 
iv Tektrol 2s time increased by approximately 0.6 
seconds after the 10 and 5 second off 
intervals. 
v It appears probable that these irregularities 
are more a result of overheating during 




All of the EPC types tested perform timing functions with good 
accuracy, except when subjected to many cycles of drink pouring with only 
l/2 second off. The tower should be equipped with a transformer which has 
at least a 120 volt ampere rating on its secondary if extensive operation 
of all valves simultaneously is anticipated. Installations where line 
voltage is apt to be 5 percent or more low (including drop caused by pump) 
may have problems with solenoid valves malfunctioning. 
Specific Comments on EPC•s 
McCann. The unit is completely potted and is the most rugged 
mechanically. It is the only unit which has a fuse, 
although the fuse does not completely protect against 
output short circuits. Its performance was equal or 
superior in all tests except the high duty cycle test, 
wherein it was probably the least reliable. We believe 
this to be a result of overheating because of insulating 
effects of the potting. 
Multiplex. Performance was generally very good. The design is 
somewhat different from the other types in that the 
resistance which is switched in series with the solenoid is 
smaller for 11 0ff 11 than in the other units and larger for 
11 0n. 11 This results in larger standby current and somewhat 
lower output voltage and current in the 11 0n 11 condition. 
Except for being more sensitive to valve malfunctions at 
low line voltage, this does not appear to cause problems. 
Malfunctions occurred at abnormally high duty cycle, but 
not appreciably worse than Selmix or Tektrol. 
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Selmix. Performance was generally very good, except for the 
problem encountered with the timing jump on 2 • This may 
have been a manufacturing defect on one unit, or it could 
be a design problem. The value of the anomalous open time 
makes it appear that the unit is functioning as a small 
drink dispenser (medium, in one case) instead of large. 
Tektrol. The timing function was generally very good. A large 
number of failures was encountered with Tektrol units which 
appeared to be associated with the way the leads are 
connected to the circuit board, sometimes making erratic 
contact. Out of fairness, it should be pointed out that 
most of the preliminary setup work was done with Tektrol 
EPc•s, so more time was accumulated on them. Also, for 
rapid testing it was necessary to mount the EPc•s on 
portable boards. This undoubtedly magnified lead 
connection problems as compared to having the units 
permanently mounted on the tower. 
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APPENDIX 
A drink tower, equipped with 5 pairs of Dole Valves and 5 Tektrol 
EPC's, was consigned to Georgia Tech by the Coca Cola Company. The tower 
was put into operation, using carbonated water, Coca Cola syrup, and Diet 
Cola syrup furnished by Coca Cola through Metro Carbonation. Metro 
Corporation also 11 Brixed 11 the tower (i.e., adjusted the ratio of syrup to 
carbonated water). Valve pairs were labeled 1-5. Valves 1, 3, and 5 were 
connected to pour standard Coca Colas. Valve 2 was connected to pour a 
mixture of Coca Cola syrup and plain water, while Valve 4 was connected to 
pour Diet Col a. 
The original plan was to have the tower equipped with Selmix EPC's. 
First Associates was to furnish EPC's of the other types. We contacted 
Coca Cola, who shipped 6 Selmix EPC's. In the ensuing time period, we 
received 7 each Multiplex, McCann, and Tektrol EPC's from First Associates. 
The Tektrol units received from First Associates were used instead of those 
which had been originally installed on the tower. 
EPC's received from First Associates were numbered 1-7 except for the 
Tektrol units which were numbered 6-12 (since the original equipment 
Tektrols had already been numbered 1-5) the Selmix EPC's 1-6. 
Tektrol EPC #11 did not function when it was installed in the test 
setup. There was no evidence of shipping damage. All other components 
arrived in good condition and functioned properly when initially tested. 
The resistance of the 10 solenoid valves was measured. We also 
measured current in each solenoid with 24 volts applied, so that we could 
determine the values for appropriate dummy resistors which were to be used 











































Outputs of EPC circuits were connected to dummy resistors, each 
resistor set to simulate the pair of solenoids driven by the EPC. Each EPC 
drink size switch was operated 3 times. One sequence of data was taken 
with timing potentiometers fully clockwise (maximum pour time) and a second 
sequence was taken with potentiometers counter-clockwise (minimum time). 
Results are presented in Table II. 
This test did not expose any problems with the EPC's. All appear to 
have more than adequate adjustment ranges and excellent time reproduc-
ibility at the ends of the ranges. The two large deviations on maximum 









s M L s 
13.8812 29.8096 30.10526 14.5241 
Multiplex 21.3832 21.3821 21.3831 18.8275 
1.1683 1.1714 1.1703 1.1421 







Tektrol 14.1392 13.9388 15.673261 12.975210 13.39912 











s M L s M L 
30.25053 14.8534 24.99645 29.581 37 14.1956 28.3902629.5055 14.3504 30.49111 28.4983 
20.3231 21.3796 21.3947 21.3951 21.3863 21.3821019.6774 21.38410 21.3951 21.3933 
1.1535 1.1773 1.1655 1.1662 1.1535 1.1564 1.1581 1.1373 1.1461 . 1.1536 
46.63827 47.0658 46.85312 47.154 11 40.5854 47.4138 46.41012 45.26812 45.551 13 47.50521 
16.0376 12.33220 14.1148 16.3957 13.2239 16.2088 14.9236 19.4851 21.0695 24.22110 
4.321 1 1.57613 2.60630 4.28437 1.6242 2.7024 4.3203 2.4926 4.1562 6.691 1 
Superscripts are maximum deviation from average in milliseconds. 
·. 
The next test consisted of measuring transformer secondary voltage and 
current while 0, 1, 3, and 5 EPC-Valve combinations were operated. The 
5-valve tests were repeated every 10 minutes for 1 hour. In a preliminary 
test, we determined that the transformer which was supplied with the tower 
would not operate more than 2 valves reliably. We substituted a larger 
transformer (Stancor P8663) for all tests described herein. The trans-
former ratings are: 
Original 
Primary Voltage 115 
Secondary Voltage 24 
Secondary Current 





The data which led us to this decision is presented in Table III. 
TABLE III 
TRANSFORMER SECONDARY VOLTAGE AND CURRENT 
Original Transformer Substitute Transformer 
Unit 
Operating Voltage Current Voltage Current 
( VO 1 t S) (amperes) (volts) (amperes) 
0 28.6 0 28.2 0 
1 26.5 0.9 27.7 0.95 
3 23.4 2.25 26.7 2.8 
5 21.0 3.25 25.8 3.7 
(TEKTROL EPC•s) 
The complete data set, taken with the larger transformer, is presented 
in Table IV. Valve #1 was used for all one valve tests. Valves # 1, 2, 
and 3, were used for all three valve tests. Minimum small drink times 
were used. 
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The most interesting aspect of these results is that the McCann, 
Selenix, and Tektrol EPC's draw very little current when no valves are in 
operation and deliver very nearly the same current to the solenoids. The 
Multiplex EPC's draw somewhat higher current with no solenoids operating 
and less current with 3 and 5 solenoids operating. If we think of the EPC 
performing its switching function by switching either a very large 
resistance (open) or a very small resistance (closed) between the 24 volt 
supply and the solenoids, it appears that the Multiplex EPC is designed to 
have an 11 0pen 11 series resistance of approximately 50 ohms, and a 11 Closed 11 
series resistance of approximately 3 ohms. This leads to incomplete 
switching, but should have lower switching transients. 
The next test consisted of setting the EPC times to pour small, medium, 
and large drinks (9, 12, and 16 oz.) and to measure solenoid voltage and on 
time. The first series of measurements was made at nominal line voltage 
(115V), while subsequent measurements were made with AC input to tower + 5 
percent and+ 10 percent with respect to 115V. Results are presented in 
Table V. 
Tests were performed wherein the EPC times were adjusted to pour a 
range of drink sizes. The relationship between drink size and time is a 
linear one with very little spread of data except in the case of Valve #2, 
in which tap water was used instead of carbonated water. The variation 
between individual valves was more significant than the variation between 
EPC's (which was actually undetectable). The slight departure from 
linearity on the large drinks from Valve #3 may have been related to the 




TRANSFORMER SECONDARY VOLTAGE AND CURRENT 
Manufac- No 5 Valves O~erated 
turer, Valves One Three 
Par am- Opera- Valve Valves t = 0 t = 10 t = 20 t = 30 t = 40 t = 50 t = 60 
eter ed* O~erated O~erated min min min min min min 
:z Voltage 27.2 26.3 24.8 23.5 23.5 23.4 23.5 23.5 23.5 23.5 ;c.: 
c:l: 
u 
u Current 0.17 1.12 2. 72 4.19 4.19 4.19 4.19 4.19 4.19 4.19 ~ 
w _. Voltage 27.3 26.3 25.0 23.9 23.8 23.9 23.9 23.9 23.9 23.9 0.. 
1-_. Current o. 31 1.10 2. 56 3.76 3.76 3.76 3. 74 3.76 3. 76 3.74 :=I 
~ 
>< Voltage 27.2 26.3 24.8 23.4 23.4 23.4 23.4 23.4 23.5 23.5 N 
0 :E _. 
w Current 0.14 1.10 2. 72 4.21 4.24 4.21 4.21 4.24 4.21 4.21 Vl 
_. Voltage 27.2 26.3 24.8 23.5 23.5 23.5 23.5 23.5 23.5 23.5 0 
a:: 
1-
':X. Current 0.14 1.10 2.67 4.16 4.16 4.16 4.16 4.16 4.16 4.16 w ..... 






SOLENOID VOLTAGE & OPEN TIME 
TOWER VOLTAGE = 115 
I I 
1 2 I 3 4 I 
I 
M L S M L I S M L S M ·L I S 
I I I I 
I I I I 




~-------------+~------------~~------------~~ ------------+~--------------1 I I I I 
Tl 7.423 9.872 13.1021 7.457 9.870 13.1041 9.936 10.340 13.0831 7.414 9.899 13.1221 7.435 9.860 12.830 
I I I I I 
Multiplex Vl23.83 23.83 23.84 123.87 23.87 23.86 123.86 23.85 23.85 123.79 23.80 23.80 123.79 23.78 23.78 
~------------~~-------------+~-------------r~------------~~---------------1 I 
Tl 7.479 9.957 . 13.1061 7.479 9.669 12.8241 7.584 9.785 12.8201 7.478 9.963 12.8141 7.482 9. 771 12.817 
I I I I I 
I 
Selmi x Vl23.70 23.70 23.70 l 23.76 23.77 23.77 I 23.76 23.76 23.76 l 23.84 23.85 23.85 I 23.73 23.74 23.74 
I I I I I 
I I 
Tl 7.461 9.913 13.1461 6.143 9.929 13.1341 7.484 9.880 13.1481 7.468 9.965 13.1641 7.454 9.872 13.091 
I I I I I 





I I I I 
I I I 
9.604 12.9861 6.967 9.263 12.3201 7.342 9.766 12.8271 7.067 9.803 12.9871 7.174 
TABLE Vb 
SOLENOID VOLTAGE & OPEN TIME 
TOWER VOLTAGE = 115 - 10% 
I l I 
EPC # I 1 2 I 3 4 I 5 
Drink I I I 
Size I s M L s M L I s M L I s M L "I s M L 
PC I I I I 
Brand I 
1 I 
I I I 
I I I I 
McCann Vl21.341 21. 34 21.44 I 21. 50 21.50 21. 50 I 21.47 21.47 21.47 I 21.54 21.54 21. !>4 I 21. 46 21.46 21.46 
I I I I I 
I I I I I 
Tl 7. 376 9.648 12.8201 7.446 9.853 13.0061 7.435 9.821 12.8951 7.415 9.893 13.1151 6.409 8.530 10.670 
I I I I I 
I I I I 
19.303 19.303 Multiplex Vl 20.13 20.12 20.30 119.93 20.09 20.16 119.562 19.422 19.682120.51 20.41 20.55 I 19.283 
l I I I I 
I I I 
Tl 7.480 9.957 13.525! 7. 535 9.977 13.6461 7. 518 9. 778 12.8201 7.477 9.965 12.8241 7. 511 9.903 12.839 
I I I I I 
I I I 
Tl 7.480 9. 95 7 13. 52 51 7. 535 9. 977 13.6461 7. 518 9. 778 12.8201 7.477 9.965 12.8241 7. 511 9.903 12.839 
I I I I I 
N I I I I 
N Selmix VI 21.493 21.59 3 21.5031 21.61 21.61 21.61 I 21.64 21.64 21.65 I 21.61 21.61 21.62 I 21.401 21.293 21.283 
l I I I I 
I 
Tl 7.478 9.922 13.1671 5.493 9.947 13.1351 7. 504 9.876 13.1851 4. 880 8.419 10.2571 7.471 9.894 13.130 
I I I I I 
I l 
Tektrol VI 21.55 21.551 21.561121.58 21.59 21.60 I 21. 59 21.60 21.60 I 21.57 21.58 21.59 I 21.313 21.293 21.283 
I I I I I 
I 
Tl 7.257 9.572 12.9441 6.883 9.145 12.1761 7.181 9.615 12.8121 7. 397 9.757 12.9431 7.134 9. 540 12.853 
I I 
1. Valve malfunction 1 out of 3 times. 
2. Valve malfunction 2 out of 3 times. 






SOLENOID VOLTAGE & OPEN TIME 
TOWER VOLTAGE = 115 - 5% 
2 3 




s M L s 
I I 





1 I I 
Tl 7.418 9.876 13.1071 7.450 9.853 13.0971 7.444 9.861 13.0681 7.407 9.895 13.0821 7.176 9.476 12.800 
I I I I I 
I I I I 
Multiplex Vl22.82 22.84 22.81 122.78 22.77 22.79 122.81 22.82 22.82 122.13 22.73 22.73 122.642 22.751 22.751 
~------------~~~----------~~-------------+1 ____________ -rl --------------
1 
Tl 7.488 9.970 13.5821 7.533 9.975 13.6771 7.671 9.961 12.8181 7.549 9.965 12.8171 7.569 9.959 12.820 
I I I I I 
I I I I I 
Selmix Vl22.761 22.76 22.761122.78 22.78 22.78 122.80 22.80 22.79 122.75 22.75 22.76 122.75 22. 742 22.753 
~------------~~-------------+~-------------+~------------~~~-------------
1 I 
Tl 7.464 9.919 13.1581 5.488 9.935 13.1291 7.496 9.886 13.1761 4.872 8.406 10.2441 7.458 9.879 13.123 
I I I I I 
22.712 22.71 
I I I · 
Tektrol Vl22.70 22.70 22.711122.721 22.73 22.73 122.72 22.68 22.72 122.66 22.66 22.66 122.711 
~------------~~-------------+~-------------+l _____________ lr--------------
1 
Tl 7.323 9.642 13.0431 6.955 9.218 12.2701 7.370 9.784 12.9171 7.655 9.847 13.0491 7.196 9. 617 12 • 960 
I I I I 
1. Valve malfunction 1 out of 3 times. 
2. Valve malfunction 2 out of 3 times. 







SOLENOID VOLTAGE & OPEN TIME 
TOWER VOLTAGE = 115 + 5% 
I I 
1 I 2 I 3 4 
I I 









1 I I I I 
Tl 7.422 9.871 13.1081 7.449 7.851 13.0741 7.455 9.870 13.0781 7.409 9.801 13.1141 7.444 9. 5894 13.103 
I I I I I 
I I I I I 
Multiplex Vl24.91 24.91 24.91 124.87 24.87 24.88 124.93 24.93 24.93 124.88 24.87 24.87 124.87 24.87 24.87 
'------------~'-------------+'------------~~~----------~'---------------1 I I I I 
Tl 7.478 9.963 13.3041 7.690 9.906 12.8161 7.654 9.965 12.8191 7.482 9.966 12.8171 7.488 9.965 12.824 
I I I I I 
I I I 
Selmix Vl24.91 24.91 24.93 124.92 24.93 24.93 124.94 24.94 24.95 124.91 24.92 24.92 124.93 24.94 24.93 
~------------~~-------------+'-------------'~----------~'---------------1 I I I 
Tl 7.454 9.892 13.1161 5.486 9.930 13.1161 7.490 9.880 13.1591 4.871 8.397 10.2361 7.457 9.870 13.115 
I I I I I 
I I I 
Tektrol Vl24.84 24.84 24.84 124.84 24.88 24.88 124.86 24.91 24.91 124.84 24.84 24.84 124.90 24.91 24.90 
'------------~'-------------+'-------------'~-----------4'---------------l I I 




SOLENOID VOLTAGE & OPEN TIME 
TOWER VOLTAGE = 115 + 10% 
I I 
1 I 2 I 3 4 
Dr1n I 
S i ze S M L I S M L I S M L S M L S 
EPC I I 
Brand I I I 
I I I 





1 I I I 
Tl 7.422 9.871 13.1131 7.447 9.854 13.0961 7.443 9.868 13.0751 7.392 9.890 13.1211 7.441 9.888 13.147 
I I I I I 
25.71 25.81 
I I 
Multiplex Vl25.761 25.78 25.89 125.84 25.85 25.91 125.82 25.64 25.70 125.90 25.88 25.89 125.86 
~------------~~~-----------;~-------------+~------------~~--------------1 I I I I 
Tl 7.371 9.926 13.7561 7.474 10.111 14.2231 7.590 9.896 13.1161 7.427 9.950 13.0771 7.116 9.886 13.116 
I I I I I 
I I 
Selmix Vl25.76 25.68 25.79 125.88 25.91 25.86 125.93 25.92 25.86 125.80 25.82 25.96 125.95 25.83 25.76 
~-------------+'------------~~~-----------+~------------~~---------------
1 I I 
Tl 7.443 9.88913.1021 5.464 9.90113.0801 7.462 9.85113.1301 4.843 8.369 10.2021 7.436 9.849 13.083 
I I I I I 
I I I I I 
Tektrol Vl25.77 25.76 25.66 125.77 25.78 25.78 125.60 25.58 25.66 125.88 25.88 25.84 125.96 25.92 25.93 
~-------------+~------------~~~-----------+~------------~~---------------1 I I I I 
Tl 7.267 9.58112.9671 7.257 9.60112.7981 7.301 9.763 12.9071 7.596 9.783 12.9601 7.159 9.562 12.891 
I I I 
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Figure 2c. Portion Size vs Time. 
24 
20 00 til E [3 
w ~ ~500 
~a -
N ~ dD .,..... -
N V) _..... 
U) 
~ ~E 16 0 
[!J 







Valve #4 8~ 11 0 McCann 0 .' 
B - . 
8 El 8 Multiplex 
0 Selmi x 
A Tektrol 
4 
I j I I ' I 5 6 7 8 9 10 11 12 13 14 15 
Time (sec) 





N 00 •r-w V1-



































13 14 15 
A large number of runs was made on individual EPC•s wherein the number 
of cycles on each EPC was either 10 or 90 and the interval between openings 
was varied from 10 seconds down to 1/2 second. Some of this data was not 
completely reduced because of the large volume and because it appears that 
we have derived everything of value from it. Samples of the results are 
shown in Table VI. The number of data points is obviously too small to put 
total reliance on standard deviation. It should also be pointed out that 
data error rate went up as time off interval decreased. We found in 
general that timing precision of all units was good with off times of 1 
second or longer. It appeared that all units have problems of some 
magnitude when off time is reduced to 1/2 second. 
The simultaneous operation of 2-5 EPC-valve combinations did not 
introduce any significant results. Again, performance was good when off 
times were > 1 second. A few malfunctions occurred during the 1/2 second 




10 sec off 1 sec. off 
Standard Standard 
EPC# Average Time De vi at ion Average Time Deviation 
1 small 7.426 0.002 7.420 0.003 
1 medi urn 9.868 0. 006 9.861 0.008 
1 1 arge 13 .106 0.003 13.124 0.001 
2 small 7.450 0. 003 7.447 0.004 
2 medium 9.854 0.003 9.850 0.003 
2 1 arge 13.089 0.005 13.093 0.002 
3 small 7.448 0.003 7.441 0.042 
3 medium 9.866 0.002 9.865 0.006 
3 large 13.076 0.002 13.079 0.002 
4 small 7.410 0.007 7.398 0.002 
4 medium 9.898 0.002 9.899 0.003 
4 1 arge 13.118 0.002 13.124 0.012 
5 sma 11 7.427 0.006 7.431 0.004 
5 medium 9.823 0.005 9.877 0.008 
5 1 arge 12.828 0.005 13.031 0.016 
32 
TABLE 6b 
MULTIPLEX EPC Is 
10 sec off 1 sec. off 
Standard Standard 
EPC# Average Time Deviation Average Time Deviation 
1 small 7. 475 0.003 7.480 0.002 
1 medium 9.961 0.002 9.969 0.004 
1 large 13.142 0.015 13.223 0.012 
2 small 7. 479 0.004 7. 475 0. 020 
2 medium 9.757 0.010 9.967 0.002 
2 large 12.817 0.004 12.827 0.005 
3 small 7. 691 0.007 7.916 0.019 
3 medium 9.800 0.058 9.969 0.005 
3 large 12.817 0. 005 12.820 0.003 
4 small 7. 481 0.002 7.481 0. 001 
4 medium 9.965 0.002 9.971 0.002 
4 large 12.814 0. 007 12.823 0.003 
5 small 7.480 0.004 7. 524 0.007 
5 medium 9. 770 0.014 9. 970 0.004 
5 large 12.817 0.005 12.826 0. 06 
33 
10 sec 
EPC# Average Time 
1 small 7.451 
1 medium 9.895 
1 large 13.121 
2 small 5. 484 
2 medium 9.828 
2 large 10.068 
3 small 7. 485 
3 medi urn 9.879 
3 large 13.155 
4 small 4.864 
4 medium 8. 398 
4 large 10.235 
5 small 7.453 
5 medium 9.870 
5 large 13.100 
TABLE 6c 



















1 sec. off 
Standard 





9. 920 0.003 









13.091 0. 001 
1. Open time jumped between nominal large time (13.12) and nominal 




10 sec off 1 sec. off 
Standard Standard 
EPC# Average Time Deviation Average Time Deviation 
1 small 7. 281 0.004 7. 295 0.005 
1 medi urn 9. 598 0. 005 9. 520 0.003 
1 1 arge 12.965 0.011 12.863 0.005 
2 small 7.279 0.011 7.201 0.038 
2 medium 9.615 0.005 9. 555 0.026 
2 large 12. 728 0.135 12.683 0.059 
3 small 7. 333 0.002 7. 301 0.028 
3 medium 9. 753 0.005 9. 701 0.003 
3 large 12.910 0.006 12.856 0.011 
4 small 7. 568 0.024 7.653 0.082 
4 medium 9. 781 0.003 9.813 0.006 
4 large 12.960 0.006 12.988 0.010 
5 small 7.156 0.004 7.180 0. 003 
5 medi urn 9.557 0.003 9.608 0.004 
5 large 12.886 0.005 12.932 0.007 
35 
PROBLEMS ENCOUNTERED 
Most of the problems encountered with specific pieces of equipment 
have already been enumerated. A few brief remarks should be made regarding 
problems encountered in carrying out the experiment. 
Originally, we had anticipated using a chart recorder to measure 
voltage, current, and time. At the recommendation of the sponsor, we 
changed to a digital timer. We wholeheartedly concurred in this because of 
the expense of chart paper and the difficulty of data reduction. 
The digital timer performed well for most of the experiment. There 
was no permanent record of times, however, and no way to rectify human 
errors in reading and recording the numbers. We thought this problem had 
been solved when we set up a video camera - recorder to have records of the 
digital meter readings. Unfortunately, the recorder was a very special 
type. It ceased to operate, and we were unable to get any reasonable 
promise of a repair date from the authorized service representative. We 
copied the tape to a more standard tape (1/2 11 ), but the quality suffered, 
and many man-hours were spent retrieving the data. 
The other difficulty encountered was that we decided to include a 
mu1tiple position switch to sample the on-times of the EPC•s being operated 
during the multiple operation test. A wiring error caused the failure of 1 
McCann, 3 Multiplex, and 2 Tektrol EPC•s. 
Finally, it is apparent that we severely underestimated the data 
reduction task. We should have recorded data in digital format on a 
magnetic tape or diskette, so that it could be manipulated by computer. 
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